Atraumatic Restorative Treatment (ART) is one of the strategies used to control dental caries; it involves hand instruments for removal of carious tissue, and restorations using high-viscosity Glass Ionomer Cement (GIC). The present controlled clinical trial aimed to evaluate the performance of low-cost GIC indicated for ART in primary teeth, compared with high-viscosity GIC, after one year of follow-up. Two-to six-year-old children with dentin caries lesions on one or two surfaces of anterior and posterior teeth were selected. The children were randomly assigned to 2 groups according to the restorative material used: G1 (control) -Ketac Molar ® ; G2 (experimental) -Vitro Molar ® . Treatments were performed in a school setting, following the guidelines of the ART. A total of 728 restorations were performed in 243 children. Descriptive analysis and Poisson regression were applied, with a significance level of p < 0.05. After 12 months, 559 (76.8%) restorations were re-evaluated. The success rate was evaluated by the prevalence ratio (PR), associated with restorations performed in primary second molars (PR = 1.21; 95%CI = 1.03-1.42), and with small (PR = 1.35; 95%CI = 1.14-1.60) or medium cavities (PR = 1.29; 95%CI = 1.08-1.55), using Ketac Molar® material (PR= 1.07; 95%CI = 1.01-1.15), considering p < 0.05. Small or medium restorations in primary second molars performed with high-viscosity GIC (Ketac Molar®) were more successful than restorations performed with low-cost GIC indicated for ART.
Introduction
Dental caries is the most prevalent disease in the oral cavity. A trend toward decline in caries in the permanent dentition has been recorded due to the use of fluorides. 1 However, it is still the most common chronic disease in children. 2, 3 Unmanaged dental caries is one of the ten most prevalent health problems during childhood, affecting 9% of the world population, 4 and caries is the fourth most expensive chronic disease to treat. 5 In Brazil, 53% of five-year-old children have dental caries. 6 Declaration of Interests: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
Methodology Trial design
The present protocol was written following the guidelines of CONSORT (Consolidated Standards of Reporting Trials). It was a randomized controlled trial registered at REBEC (RBR-4NWMK4). This research was approved by the local research ethics committee (number: 708.718).
Sample size and selection
The sample size was based on a 65% survival rate of the restorations 22 , using the equation n = z 2 .p.(1-p)/ e 2 , in which z is the quantile of normal distribution (for a 95%CI, z = 1.96), p is the estimated variation (65%), and e is the margin of error considered (5%). A minimum sample of 349 restorations with each material was obtained to develop the study.
Eligibility criteria
Only the children whose parents signed a free and informed consent form, sent in the child's backpack, were included. Children aged two-to-six years, enrolled in public daycare centers, with primary single-or multiple-surface dentin caries lesions in vital anterior and posterior primary teeth were included. Children who presented teeth with painful symptomatology or signs of pulp involvement, such as fistulas or exposed pulp chamber, were excluded. Uncollaborative children were excluded from the survey.
Blinding (masking)
Two treatment groups were formed: Group 1 (G1) -control, in which the primary molars were restored with a high-viscosity GIC, and Group 2 (G2)experimental, in which a low-cost GIC for ART was used as the restorative material. This study was double-blind; that is, the patients and the dental surgeon who evaluated the restorations were not aware of the restorative material used.
Opaque envelopes containing the name of the material to be used enabled randomization and ensured concealment of the respective allocations. The material to be used was selected consecutively for each tooth inserted in the study, so that each child would have one or both materials used in his mouth. The envelope was opened by the auxiliary, who delivered the material that was readied for use by the operators, after cavity preparation. The cavities were of different types (Class I, II or II / V) and sizes (small -compromising up to 1/3 of the surface), medium -from 1/3 to 2/3 of the surface, and large -more than 2/3 of the surface). At the end of the study, the high-viscosity and low-cost GIC groups were matched for cavity type and size.
Interventions
Supervised dental brushing was performed prior to the examinations. A clinical examination was performed to determine the dmft index (total number of decayed, missing and filled teeth). 1 The restorations were performed in daycare centers, in a room reserved for the study, with the child sitting in a chair, with his head resting on the legs of the dentist. Artificial lighting from a portable lamp was used (Pelican-Startec, 127V).
The cli n ical approach followed the ART guidelines proposed by Frencken and Holmgren. 8 When needed, the cavities were accessed using an "opener," a manual cutting instrument used to break unsupported enamel prisms (Kit ART SS White, Rio de Janeiro, Brazil), and the carious tissue was removed (selective removal of infected and disorganized dentin), using hand instruments (Kit ART SS White, Rio de Janeiro, Brazil). The cavities were then conditioned for 10 seconds with cotton balls embedded in polyacrylic acid (DFL, Rio de Janeiro, Brazil), washed for five seconds with watersoaked cotton balls, and then dried with cotton balls. The cavities were randomized and assigned to the test materials. In Group 1, the cavities were restored with Ketac Molar ® high-viscosity GIC (3M / ESPE, Seefeld, Germany), and in Group 2, they were restored with the GIC indicated for ART by the Vitro Molar ® manufacturer (DFL, Rio de Janeiro, Brazil). Both GIC varieties were handled on a glass plate with a metal spatula (Duflex / SS White, Rio de Janeiro, Brazil) according to the manufacturer's specifications.
The GIC was inserted into the cavity using an insertion instrument (Kit ART SS White, Rio de Janeiro, Brazil) and pressed into the cavity with a gloved finger coated with solid petroleum jelly (Rioquímica ® , São Paulo, Brazil). 23 The occlusion was checked using carbon paper (Angelus ® , Londrina, Brazil), and the excess material was removed using a carver. In proximal cavities, wood wedges (TDV ® , Santa Catarina, Brazil) and a steel matrix (TDV ® , Santa Catarina, Brazil) were used. Restorations were performed using cotton rolls for relative isolation. The time to prepare and restore the cavity was measured using a digital timer (Prodigital, Curitiba, Brazil). Restorations were performed by two trained and calibrated dental surgeons (MSM and MHSFB). There was no difference between the operators regarding the survival of the restorations (p = 0.98).
Evaluation
A dental surgeon, who was an expert in clinical studies on primary teeth, and blind to the GIC type, evaluated the restorations according to the ART evaluation criteria, after 6 and 12 months. 24 The restorations were classified according to scores ranging from 0 to 9, as follows: 0 = present, satisfactory; 1 = present, with defects smaller than 0.5 mm; 2 = present and extending into the proximal margins by 0.5 mm or more; 3 = present and fractured; 4 = present and fractured in the tooth; 5 = present and overextended into the margin by 0.5 mm or more; 6 = completely or almost completely absent; 7 = not present, and another treatment was performed; 8 = missing tooth; and 9 = unable to diagnose. Measurements in millimeters were made using the spherical tip of the 0.5 mm WHO probe. The exams were carried out at the daycare centers under same conditions as those for performing the restorations, using a flat mouth mirror (Duflex, SS White, Rio de Janeiro, Brazil), WHO probe (Millennium, Golgran, São Caetano do Sul, Brazil), and compressed air syringe from a portable compressor (Schulz ® , MS 2.3 Air Plus Bivolt, Joinville, Brazil). Restorations coded 0 and 1 were considered successful; those coded from 2 to 6 were considered failures; and codes from 7 to 9 were disregarded from the evaluation. 23 A dentin caries cavity, along with the restoration (secondary caries), was considered a failure. All evaluations were performed by an independent evaluator, trained and calibrated by a specialist (Kappa = 0.87).
Statistical methods
The Statistical Package for the Social Sciences (SPSS® for Windows, 20.0 version, Armonk, NY, USA: IBM Corp) was used to conduct the statistical analysis. Initially, absolute and relative frequencies of the variables were described. The dependent variables, namely survival of the restorations to 6 and 12 months, were dichotomized as success or failure. The independent variables were tooth, cavity type and size, and material. Poisson regression was performed with robust variance. The variables with a value of p ≤ 0.20 in the bivariate analysis were included in the multivariate analysis. The results were expressed as a prevalence ratio (PR), with a 95% confidence interval (95%CI), and associations with p < 0.05 were retained in the final model.
Results
A total of 1,077 preschoolers participated in this study; the majority were four-year-olds (410, 38.1%) ( Table 1) . A total of 21,540 teeth were evaluated, 728 (3.4%) of which required treatment and were indicated for ART. At the end of the 12 months, there was a loss of 169 teeth, corresponding to a response rate of 76.8%. There was a 41.4% prevalence of caries, and the mean dmft was higher in the six-year-old group (2.37 ± 2.8) ( Table 1 ). In all, 728 restorations were performed (G1 = 341 and G2 = 387) in 243 children. Figure presents the flowchart of the study.
After 6 months, 565 (77.6%) restorations were re-evaluated. Of the losses, two (0.27%) were from missing teeth, 106 (14.5%) were from children who had left the daycare center, and 55 (7.5%) were from children who were absent on the days of the three attempted re-evaluations. In this period, the success of the restorations was associated with female preschoolers (PR = 1.07, 95%CI = 1.00-1.14), primary second molars (PR = 1.15, 95%CI = 1.02-1.31), teeth with small (PR = 1.23, 95%CI = 1.07-1.40) and medium cavities (PR = 1.17, 95%CI = 1.02-1.35) ), and those restored with Ketac Molar® (PR = 1.07, 95%CI = 1.01-1.15) ( Table 2) .
After twelve months, 559 (76.8%) restorations were re-evaluated. Of the losses, two (0.27%) were from missing teeth, 112 (15.4%) were from children who had left the daycare center, and 55 (7.5%) were from those who were absent on the days of the three attempted re-evaluations. In the final model for this period, the success of the restorations was associated with second molars (PR = 1.21; 95%CI = 1.03-1.42), teeth with small (PR = 1.35; 95%CI = 1.14-1.60) and medium cavities (PR = 1.29; 95%CI = 1.08-1.55), and restorations with Ketac Molar® (PR = 1.07; 95%CI = 1.01-1.15) ( Table 3 ).
Discussion
ART recommends use of high-viscosity GIC, developed especially for this technique. In this study, better clinical performance by the highviscosity GIC was observed after 12 months of monitoring, compared with the conventional GIC indicated for ART. High-viscosity GICs have a higher powder-liquid ratio (> 3.6:1), smaller particles (2 μm), and 7 to 9% of lyophilized acid aggregated to the powder. In the Brazilian market, there are low-cost GIC brands indicated for ART, which have not been tested adequately in clinical studies. 25 The fact that ART is indicated on the package makes the dental surgeon believe that it is a high-viscosity GIC. It is relevant to study these materials because high-viscosity GICs cost more, thus limiting their use in low-income populations and in the public health system. The first clinical trials evaluating low-cost GIC were published in 2017. 15, 21 In this study, a difference between the two cements (Ketac Molar® and Vitro Molar®) was observed when evaluated after six and twelve months, in that the high-viscosity GIC showed the best performance. Olegário et al. 15 evaluated a high-viscosity GIC (Gold Label 9 -GC Corp, St. Paul, USA) and found a higher success rate than the low-cost GIC (Maxxion R FGM, Joinville, Brazil and Vitro Molar® DFL, Rio de Janeiro, Brazil). However, the study by Pacheco et al. 21 showed that there was no significant difference in the survival rate between high-viscosity GIC (Ketac Molar®) and low-cost GIC (Vitro Molar®) after 12 months. The results of the latter study contrast with those observed in the present study, probably because only small-to medium-sized proximal occlusal cavities were included in their study, and because the size of our sample was larger. The main failure was partial or total loss of the restoration. After 12 months, failure rates of 17.8% 21, 26 In this study, the children who did not cooperate to ensure adequate performance of the technique did not participate in the sample. The characteristics of lower height and lower mineral content of the primary tooth can also be pointed out as having less success using the ART technique, when there was involvement of multiple faces. 23 ART has become established as a restorative alternative, based on several clinical trials, 15, 21, 27, 28 systematic reviews and meta-analyses. 18, 23, 29 It is, therefore, a viable option to control dental caries in preschool children, in situations of social vulnerability, because it is a simple, relatively inexpensive implementation technique that can be performed in a school setting. In the sample used this study, a high prevalence of dental caries was observed, increasing with age, from a smaller rate among the two-year-olds, to a larger rate among the six-year-olds; furthermore, the disease was active in almost all the children. The presence of carious cavities demonstrates the children's lack of access to conventional dental treatment, associated with the diminished value of the primary teeth by guardians, based on their temporary nature, as well as the difficulty in controlling the child's behavior during dental care. 30 The success of the ART technique is associated with the material being used; that is to say, this technique must be used with high-viscosity GIC to perform well. Vitro Molar® (DFL), sold in Brazil, has the advantage of being about 70% less expensive than Ketac Molar® (3M / ESPE). 15 In this study, Ketac Molar® was found to have a better success rate than Vitro Molar® at 6 and 12 months, although the success rate of restorations by the latter was especially high at six months. Moreover, the surface micro-hardness of Vitro Molar® evaluated in vitro increased after as early as one week. 30 Low-cost GIC may interfere with standard GIC properties, and differ physically and mechanically from high-viscosity GIC. Both GIC alternatives are associated with water absorption and solubility, which can damage restorations and decrease the GIC success rate 31 .
Among the factors associated with the survival of the restorations, in both evaluation periods, the second molars had the highest success rates, as observed in another controlled clinical trial 21 . The size of the small to medium cavities was also associated with greater success of the restorations. Pacheco et al., 21 however, did not observe differences in longevity and cavity size. The ART technique is ideally suited for small-to medium-depth lesions, preferably on a single face. 10 In this study, a tendency of success was observed for small restorations (involving up to 1/3 of the surface). Although systematic reviews and meta-analyses 17, 23, 29 have shown that one-sided restorations on the occlusal surface of molars presented a higher survival rate, in the present study, there was no association between restoration survival and cavity type, whether Class I, II or III / V, corroborating other studies 15, 21 .
This was the first study to test low-cost GIC performance by two dental surgeons trained and calibrated for the ART technique, unlike the study by Pacheco et al. 21 which was performed by undergraduate students. Systematic reviews and meta-analyses only include studies by trained dental surgeons. 23, 29 Regarding the limitations of this study, one was that we were unable reevaluate at least 80% of the sample in one year's time; however, we came close, with 76.8%. Several strategies have been developed to circumvent this problem, such as the selection of daycare centers located near elementary schools, so that children can be located after they leave the daycare center, as well as allowing three attempts for re-evaluation in case the child misses the scheduled day.
The results of this study indicate that highviscosity GIC has a greater survival rate than low-cost GIC. This factor should be taken into consideration when choosing the material to be used with ART. Although a lower cost GIC may be selected over high-viscosity GIC, all the costs associated with the entire treatment procedure must be borne in mind. If low-cost restorations fail more often, they must also be replaced more often than would be required if another material with better properties had been selected. Additional costs related to dentist fees and equipment wear should also be considered. Further studies should be conducted to assess whether using low-cost GIC would actually represent a significant savings to government programs. 31 It should also be underscored that the success of the technique depends on its adequate indication for the procedure involved, as was the case of this study, regarding dentin caries lesions on one or two surfaces, with no painful symptomatology or evident pulp exposure. 18 These results strengthen ART as a minimally invasive alternative with good resolution.
Hence, it should be viewed as the first choice of dentists, as a treatment to stop the progression of carious lesions in dentin, especially in children, because of its more patient-friendly approach. 32 
Conclusion
The success rate of restorations using low-cost GIC was especially high after six months. However, one year later, the restorations performed with high-viscosity GIC, in primary second molars with small or medium cavities, were more successful than those using low-cost GIC indicated for ART.
Erratum
Does low-cost GIC have the same survival rate as high-viscosity GIC in atraumatic restorative treatments? A RCT. Braz Oral Res. 2019;33:e125. 
